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Before entering on a discussion of the main subject of this paper,
we wish to consider a physiological phenomenon associated with the
passage into the gastric cavity of all catheters, and probably of all solid
objects. In previous articles attention was drawn to the fact that a

catheter introduced into the stomach or into the duodenum of an infant
did not take the direction which, a priori, we should have anticipated,
but followed a most peculiar course. We expected Roentgen-ray photo-
graphs to show that the catheter proceeds almost in a vertical direction
from the cardia to the greater curvature, then to be deflected by the wall
of the stomach, either to the right toward the pylorus or to the left,
toward the fundus. However, such was not found to be the case; the
couse almost invariably was quite different: From the cardiac open-
ing the catheter was seen to turn sharply to the left, without apparent
cause, toward the fundus of the stomach ; it then swung about on itself
toward the pyloric opening. This course was pursued within the gastric
cavity whether a very soft tube or a catheter was employed. From the
very beginning of our studies carried out by means of the soft duode¬
nal ball-tube, this peculiar phenomenon interested and puzzled us, so

that we have undertaken a further investigation to determine the cause
of this abrupt deflection toward the fundus.

Figure 1 shows that when a catheter is passed but a short distance
into the gastric cavity, so that its tip lies free, not touching and unin¬
fluenced by the wall of the stomach, even then it proceeds to the left.
This test was made on numerous occasions and the result was always
the same. It proves conclusively that contact with the wall of the stom¬
ach is not the cause of the deflection. Bearing this result in mind, we
examined the anatomical relationship of the lower portion of the esopha¬
gus in infants. It was found that the abdominal portion of the esophagus
measures about 2 cm. and that this part of the tube inclines sharply
to the left. Indeed, this seems to be the condition even in the fetus.
Fleischmann1 states that in the seven-months fetus the esophagus lies

Submitted for publication March 28, 1914.
1. Fleischmann, L.: Klinik der Paediatrik., Wien, 1875, p. 24.
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in the mid-axis of the body and traverses the diaphragm at the ninth
dorsal vertebra. "During this passage and even more thereafter, there
is a marked change in its direction; it turns sharply to the left to
reach the cardia." The cardiac end of the stomach also follows this
direction for a short distance, thus furthering the inclination of the
catheter to the left. The sharp bend of the catheter is therefore due
to anatomical conditions—to the inclination of the lower end of the
esophagus, especially its abdominal portion, and the contiguous cardiac
portion of the stomach. The validity of this interpretation, and the
entire independence of the phenomenon of all extraneous factors, such
as the mode of introduction of the catheter or its deflection by the
gastric wall, were emphasized by the following experiment:

Fig. 1.—Catheter deviating to the left (tip free within gastric cavity).

A small metal ball was attached to a string, introduced past the
pharynx into the esophagus, and its course followed by means of the

fluoroscope. The ball, pushed downward solely by peristalsis, was found
likewise to proceed to the left after traversing the diaphragm. When
the support of the cardiac end of the stomach was lost, the ball dropped
vertically to the greater curvature. On slowly retracting the ball by
means of the string, it took a reverse course, as would be expected;
first ascending vertically, and then sharply deviating to the right to
reach the cardiac orifice.

The anatomical condition which leads to this phenomenon, although
intensified in infants, seems to be present also in adults. Its physi¬
ologic basis would seem to be to direct all solid food to the fundus, the
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site of the peptic and acid glands, and thus to ensure an intimate con¬

tact of food with the gastric ferments.

THE DUODENAL BALL-TUBE

In the use of the simple duodenal catheter a disadvantage consists
in the fact that it is rarely retained in the duodenum for a long period.
An infant suffering from vomiting, or even a normal infant, generally
succeeds in ejecting it within the course of an hour. This has made it
necessary when undertaking duodenal feeding, either to have the cath¬
eter constantly held in place by a nurse, or to reinsert it each time for
feeding. Furthermore, where physiologic experiments have been carried
out, it has rendered it impossible to collect material for long periods.
As has been mentioned in a previous article,2 attempts were made to
overcome this difficulty. Recently a duodenal "balloon-catheter" has
been devised and perfected by the author in order to constitute what

Fig. 2.—Balloon catheter; (a) balloon: (b) food canal; (c) air canal.

may be called a retention catheter. This balloon-catheter has an air tube
of almost capillary diameter within its wall and opening near the tip
into a rubber balloon, which is inflated with air (1.5 c.c.) when the end
of the catheter has reached the duodenum (Fig. 2). In this way the
return of the catheter through the pyloric sphincter is prevented. The
diameter of the catheter proper is 15 mm., the same as that of the
simple catheter; this diameter is increased to 19 mm. at the site of
the rubber balloon.3 The passage of this catheter naturally occasions
some nausea, as do all tubes which traverse the pharynx, this disturb¬
ance varying greatly in different infants. However, after it has been in

2. Hess, A. F.: The Pancreatic Ferments in Infants, Am. Jour. Dis. Child.,
October, 1912, iv, 213.

3. This catheter has been made by Eynard & Cie., Paris. Great difficulty
was experienced in manufacturing a double catheter of the proper consistency
and of this small diameter.
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place for some hours the infant, just as the adult, becomes accustomed
to it and ceases to fret. It has been retained in the duodenum for
twenty-four hours, and with its aid infants have been fed every few
hours.

We have not had sufficient experience with pronounced pylorospasm
fo judge to what extent the balloon-catheter is applicable in these cases.

Although the catheter proper has a diameter not greater than the simple
catheter, it will be noted that it is larger at the site of the balloon.
Experience may demonstrate that it can be resorted to only in mild
cases, and that where spasm is extreme it will be impossible to traverse
the pylorus. Its practical scope in this field, both for feeding and for
pyloric dilatation, remains to be ascertained in the clinic. In cases of

Fig. 3.—Balloon catheter (showing complete outline of duodenum).

mild spasm, or protracted vomiting from other cause, it has in a few
cases been found serviceable for duodenal alimentation.4 This new
instrument is helpful in ascertaining whether the end of the catheter
has in reality traversed the pylorus and reached the duodenum. This
question has always presented difficulties, and unless bile was aspirated
was often impossible to determine. By means of retracting the balloon-

4. In connection with a dilatable catheter for adults, Einhorn has also men-
tioned a similar instrument for use on infants, and claimed success in its employ-
ment. However, from the descriptions of the cases, it is doubtful whether this
catheter actually passed the pylorus; in no case was this result confirmed by
means of the radiograph. The description of the instrument for infants is
meager; the important question of its diameter is not mentioned. It is propelled
passively through the spastic pylorus.

Downloaded From: http://archpedi.jamanetwork.com/ by a Monash University Library User  on 06/19/2015



catheter we can determine positively whether it is held by the cardia
or by the pylorus, as will be seen by the measurements given below in
connection with the measurement of the cardio-pyloric diameter.

In addition to describing this instrument, we wish to call attention
to some observations concerning the physiologic anatomy of the stomach
which have been noted in the course of the passage of the balloon-
catheter. It is generally accepted that the long diameter of the infant's
stomach lies horizontally, although there are some who still hold to
the contrary, maintaining that the greater diameter is vertical. Radio¬
graphs of the stomach filled with bismuth, or filled with air, or of the
empty stomach containing the catheter, clearly show the horizontal
position of the stomach.5 This statement of anatomic conditions, how¬
ever, does not close the question from a physiologic point of view, for
it has been demonstrated repeatedly that some of the milk that the infant
drinks does not find its way to the fundus but flows directly and immedi-

Fig. 4.—Balloon retracted almost to pylorus.

ately along the "Magenstrasse" of Waldeyer, the gastric canal of Lewis,
through the pylorus and into the duodenum. Generally we have not
found the duodenum empty even when we have taken a radiograph
immediately after feeding. If we attempt to outline this gastric canal
by drawing a line between the cardia (situated to the left of the tenth
dorsal vertebra) and the pylorus, we shall find that its direction is
downward and to the right, in a vertical rather than in a horizontal
direction. This question can be studied better, however, by viewing

5. We have carried out all Roentgen-ray examinations with the infant lying
on its back and not held upright. It would seem that this is the posture of
choice as it represents the physiologic position of the infant.
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some of the illustrations where the balloon-catheter was employed. Fig¬
ure 3 shows this catheter and its dilated balloon well within the
transverse duodenum ; Figure 4 shows the balloon retracted almost
to the pylorus; a third illustration (Fig. 5), taken a few minutes
later shows the catheter fully retracted so as to do away entirely with
the gastric loop. This photograph gives a clear picture of the path
from the esophagus to the duodenum, and of the catheter within the
Magenstrasse. And what do we find? The cardia still lying near the
left border of the vertebral column and the catheter coursing downward,
first to the left and then somewhat to the right to the duodenum, in an

almost vertical direction. In other words, the gastric canal (Magen¬
strasse) of the infant is much more nearly a vertical street, or path, than

Fig. 5.—Balloon catheter retracted to do away with gastric loop.

a horizontal one.6 Therefore, although it is true that the stomach of
the infant lies horizontally, from a physiological point of view, the con¬

ception that it lies vertically has some justification. For from a functional
standpoint some of the infant's food traverses the gastric canal in a

6. Figure 5 presents a rather exaggerated picture of the vertical nature of
the gastric canal. For although the cardia in the infant is fixed, the pylorus
is somewhat movable, and by the traction of the catheter in this instance has
been pulled somewhat to the left. The bend of the catheter to the left along the
cardiac end of the stomach has also been partly eliminated. However, these
deviations are but slight, and it is evident that in the infant the cardia and the
pylorus are very nearly in the same sagittal plane and that the gastric canal
lies vertical rather than horizontal.
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vertical rather than in a horizontal path, quite irrespective of the fact
that it is skirting the main gastric cavity lying to the left. These vari¬
ous anatomic relationships are subject to some variation. For instance,
the position of the pylorus is found to be altered somewhat when the
stomach is full or when the colon is greatly dilated. The accompanying
radiographs were taken with the stomach empty, as it was considered
that this condition ensures more reliable observations; first, because the
milk runs along the gastric canal at the very beginning of the feeding,
when the stomach is empty, and second, because when bismuth or food
is put into the gastric cavity it introduces a factor which is disturbing
and which is not absolutely constant. This vertical direction of the
gastric canal is peculiar to infancy. It does not obtain during later
childhood or in adult life, and is an approximation to the vertical ali¬
mentary tube which is the normal condition in fetal life.

The length of the gastric canal can readily be measured by means
of the balloon-catheter. If the catheter is retracted until the balloon
is held at the pylorus, we can thus obtain the measurement of the dis¬
tance of the pyloric sphincter from the alveolar borders. If the balloon
is now deflated, retracted into the stomach, and inflated once more, we
can obtain in the same way the distance of the cardia from the alveolar
margin. The difference between these two measurements constitutes,
naturally, the length of the Magenstrasse, or the gastric canal. In some

infants about 2 to 3 months of age these measurements were as follows:
the pyloric distance, 20 to 21 cm., the cardiac distance, 16 to 17 cm., so
that the cardio-pyloric diameter, or gastric canal, measured 4 to 4.5 cm,.

This measurement is a remarkably constant one. It was found not to
vary appreciably in children 2 to 3 months of age. It was not influenced
by the inflation of the stomach with air or with water. When we com¬

pare this measurement, taken in vivo, with similar measurements
obtained at autopsy, we find the former somewhat greater. For instance,
Fleischmann gives the following figures for the cardio-pyloric diameter
at various ages: At 1 week, 2.8 cm., at 1 month, 3.1 cm., at 2 months,
3.8 cm. He also states that if we multiply this diameter by 2.2 to 2.3
we obtain the long diameter of the stomach. If this holds true, then
the long diameter of the stomach can be obtained during life by the
method which we have described.

At various times we have emphasized the fact that cardiospasm is
far more frequent among infants than is generally diagnosed. The
cause of cardiospasm, just as the cause of pylorospasm, is unexplained.
In view of this lack of knowledge it may be of interest to report that
in several instances we have been able, by means of the balloon-catheter,
to bring about cardiospasm artificially, although we could not invariably
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accomplish this result. If the balloon was dilated within the stomach
and then retracted so that firm pressure was brought to bear on the
cardia for a few minutes, at times marked cardiospasm resulted. In
some instances, after carrying out this procedure it was absolutely impos¬
sible to pass an ordinary catheter into the stomach. It is difficult to
state whether this fact has clinical or pathologic significance. It suggests
the possibility, however, that cardiospasm may be the result of increased
pressure within the gastric cavity, that it may be incited by an over-

distention of the stomach with food, or, more probably, with food and
gas, and that the "Magenblasse," or air cushion, so constantly seen at the
uppermost part of the infant's stomach may at times assume patho-
genetic importance.

16 West Eighty-Sixth Street
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